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I.  INTRODUCTION. 

The  Fatty  Acids. 

Fatty  acids  occur  generally  in  fats  and  fatty  substances  as 
glycerol  esters.     On  treating  these  esters, or  .Tlycerides,  with 
alkali,  glycerol  and  a  soap  are  formed.     For  example,  when  stearin, 
the  glycerol  ester  of  stearic  acid,  is  boiled  with  a  strong  solution 
of  XOII,  all  of  the  fatty  layer  finally  «;oes  into  solution,  and  we 
no  longer  have  a  fat,  but  potassium  stearate  and  glycerol,  both 
of  which  are  soluble  in  water.     If  in  turn  the  soap  solution  is 
acidified  with  HC1,  stearic  acid  is  set  free,  and  on  warming  will 
rise  to  the  top  as  a  separate  layer.     Fatty  acids  may  be  divided 
roughly  into  t'-o  classes,  saturated  and  unsaturated.     The  following 
is  a  list  of  the  more  important  of  the  saturated  series,  of  which 
palmitic  and  stearic  acids  occur  most  abundantly  in  the  ordinary 
fats  and  oils:- 

Lauric 
Myristic 
Palmitic 
Stearic 
Arachidic 

Palmitic  acid,  £iC)^32^2>  occurs  in  lar^e  quantities  in 
Palm  oil  from  which  it  was  first  prepared.     It  is  also  present  in 
beeswax  as  cetyl  palmitate,  and  in  a  number  of  other  waxes.     The  acid 
is  odorless  and  tasteless,  and  melts  at  62.62°  G.     One  hundred 
^ubic  centimeters  of  absolute  alcohol  will  dissolve  only  2.3  <*  of 
the  acid  at  10°C.     The  metallic  salts  of  palmitic  acid  resemble  very 


C0TI4O2  Acetic  Ci2^.?4^° 

c4n3°2  Butyric  C14TT23°2 

CflH12°2  CaPr°ic  C10HT2°2 

CgHlf»02  Caprylic  CigH3Q0o 

C10H20°2  Capric  c20n40°2 


■-)  . 


(1) 

closely  those  of  stearic  acid  and  need  not  he  mentioned  here. 

Stearic  acid,  C^sI^^Oo,  occurs  in  very  large  quantities 
in  inany  vegetable  and  animal  fats,  especially  in  tallow,  cacao 
butter,  and  shea  butter.     It  is  generally  the  case  that  the  higher 
the  melting  point  of  the  fat,   the  larger  the  percentage  of  stearic 
acid  it  contains.     The  acid  may  be  obtained  synthetically  by  the 
reduction  of  the  unsaturated  acids,  oleic,  linolic,  and  linolenic, 
by  passing  hydrogen  over  them  in  the  presence  of  finely  divided 
nickel  at  a  temperature  of  about  180°C.     The  melting  point  of 
stearic  acid  has  been  found  by  de  Visser  to  be  69.32®0,  and  at 
ordinary  pressure  it  distills  with  slight  decomposition  at  360°C, 
and  in  vacuo  at  155°C.     Absolute  alco'ol  dissolves  les-.  of  it  than 
of  palmitic  acidjf.O  g  per  100  c.c.  at  iO°C).     Stearic  acid  is  quite 
easily  soluble  in  ether,  benzene,  and  carbon  bisulphide,  and  in  the 
other  ordinary  organic  solvents.     Lead  steam te  is  a  white  solid, 
insoluble  in  water,  and  melting**115-llfio  C,  and  is  practically  \ 
insoluble  in  ether,  100  c.c.  of  which  will  dissolve  about  15  rag 
of  the  lead  soap.     The  calcium,  barium,  and  strontium  salts  are 
also  white  crystalline  solids  which  are  practically  insoluble  in 
alcohol.     Water  partially  hydrolases  them,  although  they  are 
practically  insoluble  in  it.     The  potassium,   sodium*  lithium,  and 
amnonium  soaps  are  readily  soluble  in  water. 

The  unsaturated  acids  may  be  divided  into  three,  or 
perhaps  four,   groups  according  to  the  nunber  of  double  bonds  which 
are  present  in  the  acid.     The  first  of  these  is  the  oleic  series 
of  which  oleic  acid  is  the  most  important.     The  other  groups  are 
4-1).  -Lcwkowitsch,  Vol.   1,  p  15.°.,  Fifth  Ed. 
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the  linoleic,  tlie  linolenic,  and  the  clupanodoric  series.  The  acids 
of  the  oleic  .^roup  have  one  double  bond,  those  of  the  linoleic  group 
two  double  bonds,  and  so  on. 

>J01eic  acid,  C13H34O2,  which  is  by  far  the  ;  ost  important 
acid  of  the  oleic  series,  occurs  as  olein,  the  glyceride.  of  oleic 
acid,  in  practically  all  df  the  fats,  and  especially  the  liquid  ones. 
The  pure  acid  is  colorless  and  odorless,  and  a  liquid  at  ordinary 
temperatures,  although  it  solidifies  to  a  white  solid  at  4°  C. 
The  structure  is  the  same  as  that  of  stearic  acid  with  one  double 
bond  between  the  central  carbon  atoms.     It  can  be  reduced  quantita- 
tively to  stearic  acid  by  heating  with  hydrogen  in  the  presence  of 
a  catalyst.     The  fatty  acids  from  olive  oil  are  almost  pure  oleic 
acid  with  small  percentages  of  palmitic  and  linolic  acids.  Lead 
olcate  is  qui^e  soluble  in  ether  and  alcohol.     Oleic  acid  itself 
is  soluble  in  all  proportions  in  95^  alcohol  while  stearic  acid  is 
only  slightly  soluble.     On  treatment  with  bromine  one  molecule  of 
bromine  adds  to  one  of  the  acid  to  form  dibrom-stearic  acid  which  is 
likewise  a  liquid  at  ordinary  temperatures.     This  in  turn  can  be 
reduced  to  oleic  acid  by  the  action  of  zinc  and  an  alcoholic  solution 
of  HC1,   or  in  other  words,  by  treating  it  with  nascent  hydrogen. 
By  distilling  the  acid  at  ordinary  pressure  a  mixture  of  oleic, 

carbonic,  acetic,  and  caprylic  acids  is  obtained.     Caldwell  and 
(1) 

Hurt ley      found  that  the  acid  distills  in  a  vacuum  at  130°  C.  while 

(2) 

Krafft  and  Yfeilandt      gave  153°  C.  as  the  boiling  point  under  the 
Same  conditions.     Oleic  acid  like  the  other  fatty  acids  of  high 
molecular  weight  is  insoluble  in  water.     The  acid  can  be  thrown  out 


(1).  Bodenstein,  Berichte,  1894,  3399. 
(°).  Berichte,  1396,  1324. 
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of  an  alcoholic  solution  by  the  addition  of  lar^e  quantities  of 

water.     Air  does  not  affect  it  at  ordinary  temperature,  although  on 

raising  the  temperature  to  120°  C.  in  air,  it  is  decomposed  to  a 

mixture  of  acids  which  has  been  shown  to  contain  acetic,  caprylic, 

(1) 

capric,  and  sebacic  acids. 

Linolic  acid,  CigHfjoOo ,  and  linolenic  acid,  C-^R^qO?,  occur 
in  drying  and  semi-drying  oils.     The  chief  occurence  of  linolenic 
acid  is  in  linseed  oil.     The  barium  salts  of  the  two  acids  are 
soluble  in  boiling  alcohol,  but  separate  out  almost  completely  on 
cooling.     On  bromination  the  te tra-bromide  and  hexa-bromide  are 
formed  from  linolic  and  linolenic  acids  respectively.     They  are 
both  solid  at  ordinary  temperature,  and  can  be  separated  by  treating 
the  mixture  with  ether  when  the  tctra-bromide  dissolves,   the  hexa- 
bromide  being  practically  insoluble.     The  separation,  however,  is 
not  quantitative.     Linolic  tetra-bromide  is  difficultly  soluble 
in  petroleum  ether  while  dibrom-stearic  acid  is  readily  soluble 
in  this  substance  which  furnishes  a  method  of  separation  of  oleic 
and  linolic  acids.     Linolic  and  linolenic  acids  can  not  be  kept  in 
the  air  since  they  easily  oxidize  to  ether-insoluble  acids.     It  is 
doubtful  whether  either  acid  has  been  prepared  pure,  due  to  the 
difficulty  of  separation  from  other  acids  with  which  they  occur, 
and  to  the  instability  of  their  compounds.     The  lead  soaps  are 
readily  soluble  in  ether. 

In  spite  of  the  fact  that  Lewkowitsch  states  that  pure 

linolic  and  linolenic  acids    have  not  been  prepared,  Adolf  Hollet 

claims  that  he  has  prepared  both  of  these  in  a  practically  pure 
(?) 

state.       Rollet  prepared  linolic  acid  as  follows :- 

(1)  .  Leathes,  "The  Fats",  p.  16. 

(2)  .  Zeitschrift  fur  Physiologische  Chcmie,  1000,  62,  410. 
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The  fatty  acids  obtained  from  the  saponification  of  poppy 
oil  were  dissolved  in  ligroin,  and  cooled  to  0°  C.  after  which 
bromine  was  added  slowly  until  present  in  excess.     After  standing 
a  few  hours  the  precipitate  which  had  appeared  was  filtered  off 
and  recrystallized  twice  from  ligroin.     The  pure  tetra-bromide 
which  was  obtained  in  this  way,  melting  at  114-115°  C,  was  reduced 
with  zinc  and  HC1  in  a  solution  of  methyl  alcohol  which  formed 
the  methyl  ester  of  linolic  acid  during  the  process  of  reduction  and 
esterif ication.     The  ester  was  purified  by  fractional  distillation 
at  reduced  pressure.     Methyl  linolate  boils  as  follows :- 
Pressure  in  millimeters  Temp,  in  C° . 

11  207-20S 
16  211-212 
35  °"l-224 
Two  samples  of  the  ester  yielded  iodine  values  of  172.3  and  170.9 
while  the  theoretical  is  172.8.     The  pure  linolic  acid  was  obtained 
by  saponification  and  acidification.     It  had  an  iodine  value  of 
170.1  while  the  theoretical  value  is  181.4.     Consequent ly  it  would 
seem  that  the  acid  thus  obtained  by  purification  of  the  bromide 
and  fractionation  of  the  methyl  ester  was  quite  pure.     The  yield 
of  solid  tetra-bromide  was  slightly  less  than  bof  of  the  amount 
that  should  have  been  obtained.     Tlollet  assumes  that  two  isomeric 

Linottc  i<.i<ts 

treAjva -hi- e mi d c s  exist  in  the  ordinary  linolic  acid.     These,  when 
brominated,  yield  a  solid  tetra-bromide  and  a  liquid  tetra-bromide, 
both  of  which,  however,  yield  the  same  linolic  acid  on  reduction. 

On  the  other  hand  the  purity  of  Rollet's  linolic  acid  may 
be  questioned  from  another  viewpoint.     Hazura  and  Grussner  found 


SjfS  of  linolenic  acid  in  poppy  oil.     Practically  no  ether-insoluble 

bromides  a:*e  formed,  however,  and  so  Lewkowitsch  claims  that  the 

(1) 

amounts  of  linolenic  acid  must  be  less.        But  if  there  were  some 
linolenic  acid  in  the  oil,  it  would  tend  to  make  Rollet's  acid 
have  a  higher  iodine  value,  and  thus  make  it  appear  nearer  the 
theoretical  than  it  should  be  for  the  amount  of  linolic  acid  present. 
It  seems  reasonably  sure,  however,   that  the  linolic  acid  prepared 
by  Rollet  is  the  best  that  has  been  made  as  yet. 

Rollet  also  prepared  linolenic  acid  from  the  fatty  acids 
of  linseed  oil.     The  acids  were  dissolved  in  glacial  acetic  acid 
and  brominated  at  0°  C.     The  precipitated  hexabroni'ie  was  filtered 
and  "ecrystallizcd  from  benzene  when  a  white  heavy  solid  was  obtained 
which  melted  at  180-181°.     This  product  was  reduce^  and  est^rified 
exactly  similarly  as  was  done  in  the  case  of  linolic  acid.  The 
methyl  ester  was  distilled  in  a  current  of  C0r>  and  came  over  at 
207°  under  14  mm  pressure.     The  iodine  value  of  the  purified  ester 
was  257.5  while  the  theoretical  is  2nl.     Linolenic  acid  was  made 
by  saponifying  the  ester,  and  redistilling  the  acid  in  CO2  •  It 
distilled  at  230-233°  under  12  mm  pressure*.     The  iodine  value  was 
267.8  while  the  theoretical  is  274.2  .     Thus  Lewkowitsch* s  statement 
that  the  best  samples  yet  obtained  absorbed  only  242-245;?  of  iodine 
is  without  foundation.     It  should  be  remembered,  however,  that 
Rollet's  work  came  slightly  later  than  that  of  Lewkowitsch. 

Rollet  also  found  t'  at  on  brominating  linolenic  acid 
20f*  of  the  solid  hexa -bromide  is  formed,  and  80"''  of  a  viscous 
syrup.     Both,  however,  yi<^ld  linolenic  acid  on  reduction.     He  thus 
assumes  that  two  isomeric  linolenic  acids  exist. 


(1).  Lewkiwitsch,  Vol.  II,  5th  Ed.  p.  122. 
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Clupanodonic  acid,  having  four  double  bonds,  is  rarely 
found,  and  is  not  important  enough  to  be  discussed  here. 

Methods  of  Examination  of  the  Fatty  Acids. 

The  fatty  acids  may  be  examined  by  both  physical  and 
chemical  methods.     The  physical  examination  includes  the  determin- 
ation of  the  melting  or  solidifying  point,  boiling  point,  index  of 
refraction,  and  specific  gravity,  while  in  a  chemical  investigation 
the  iodine  or  bromine  number,   the  mean  molecular  weight,  Maunene 
number,  unsaponif iable  number,  and  perhaps  the  acetyl  number  are 
determined.     Only  two  or  three  of  the  chemical  methods  *rill  be 
discussed  here.     The  mean  molecular  weight  is  determined  by 
titrating  an  alcoholic  solution  of  the  fatty  acid,  containing  a 
known  amount  of  the  acid,  with  standard  alkali,  either  KOTI  or  NaOH, 
usin*  phenolphthalein  as  an  indicator.     If  X  is  the  weight  of  the 
acids,  and  Y  the  weight  of  KOII  used  in  neutralizing,  then 
Mel.  ft.  of  Acids:  Mel.  !Tt.  of  KOH : :  X:  Y,  or 

Mean  Mol.  Wt.  =  5f>X  . 

Y 

The  unsaponif iable  matter  is  found  by  saponifying  a  known  weight 
of  the  acids  with  NaCII  in  slight  excels,  and  extracting  the  soap 
solution  with  ether  or  petroleum  ether.  The  latter  is  less  likely 
to  form  an  emulsion  than  the  former,  but  this  is  counterbalanced 
by  the  fact  that  the  ethyl  ether  is  liable  to  dissolve  some  of  the 
soap.  The  ether  solution  is  evaporated,  and  the  residue  weighed 
for  the  amount  of  unsaponif iable  matter. 

One  of  the  most  important  determinations  to  be  made  with 
a  fatty  acid,  especially  if  any  unsaturated  acids  are  present,  is 
iodine  or  HtYhl  number.     The  iodine  or  Hubl  number  is  the  percentage 
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of  iodine  for  of  iodine  chloride  or  bromide  expressed  in  terras  of 

(1) 

iodine)  absorbed  by  the  sample.        Three  standard  nethods  are  now 
available  for  finding  this  number,  the  methods  of  Hubl,  Wijs,  and 
Hanus.     In  the  experimental  part  of  this  discussion  the  Hanus 
method  was  used  exclusively,  both  on  account  of  its  accuracy  and 
rapidity.     The  method  may  be  described  briefly  as  follows:-  A 
weighed  amount  of  a  fatty  acid,  or  a  mixture  of  acids,  is  dissolved 
in  10  c.c.  CHCI3  in  a  flask  fitted  with  a  ground  glass  stopper. 
Exactly  25  c.c.  of  standard  iodine  bromide  dissolved  in  glacial 
acetic  acid  is  run  in,  and  at  the  same  time  another  25  c.c  of 
the  iodine  solution  is  run  into  a  flask  containing  only  the 
chloroform  to  be  used  as  a  blank.     The  flasks  are  scaled  by  covering 
the  top  of  the  p;lass  stopper  with  ^lacial  acetic  acid  so  that  any 
iodine  evaporating  from  within  will  be  caught  in  the  acid.  After 
allowing  to  stand  for  thirty  minutes  the  excess  iodine  in  the 
flasks  is  titrated  with  standard  thiosulphate,   the  difference 
betweon  the  amounts  of  thiosulphate  required  by  the  blank  and  the 
sample  bein«:  the  number  of  c.c.  of  thiosulphate  equivalent  to  the 
iodine  absorbed  by  the  fatty  acids.     Blanks  must  be  run  at  frequent 
intervals  when  the  iodine  solution  is  being  used,   since  the 
coefficient  of  expansion  of  acetic  acid  is  large,  and  changes 
of : the  ratio  between  the  iodine  :md  thiosulphate  easily  occur 
with  change  of  temperature  and  evaporation.     All  of  the  burette 
readings  must  be  taken  with  great  accuracy,  as  a  small  error  makes 
a  great  difference  in  the  final  results. 

(1).  Sherman's  "Organic  Analysis",  p.  14S,  1912  Ed. 
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Methods  of  Separation  of  the  Fatty  Acids. 

In  discussing  the  separation  of  the  fatty  acids  account 
should  be  taken  of  the  fact  that  all  of  the  methods  here  cited  are 
more  or  less  approximate.     There  is  good  reason  to  doubt  whether 
pure  oleic,  linolic,  or  llnolenic  acids  have  ever  been  prepared. 
Statements  which  have  been  made  concerning  the  physical 
characteristics,  as  well  as  chemical,  have  been  made  on  as  pure 
a  sample  as  the  particular  investigator  was  able  to  obtain. 
However,  a  brief  review  of  the  various  methods  of  separation  of 
the  fatty  acids  might  be  of  value. 

The  method  of  separating  the  liquid  from  the  solid  fatty 

acids  by  extraction  of  the  lead  salts  with  ether  is  due  to  the  work 

(1) 

of  Gusserow  and  Varrentrapp.        Lewkowitsch  gives  the  following 

as  the  solubilities  of  the  lead  salts  in  ether :- 

Lead  salt  of  100  c.c.  ether  dissolve  Observer 

(2) 

palmitic  acid  .0134  g  Lidoff 

stearic  acid  .0148  g  " 

(3) 

both  acids  together  .0150  g  Twitchell 

The  method  of  procedure  is  as  follows:-    The  mixture  of  acids  is 
dissolved  in  KOTT  and  the  solution  neutralized  with  acetic  acid. 
A  solution  of  load  acetate  is  then  added,  and  the  precipitate  of 
lead  salts  is  either  filtered  or  the  water  removed  by  decantation. 
The  excess  of  water  which  clings  to  the  soap  can  be  removed  with 

(1)  .  Liebig's  Annalen,  27,(1828),   133 . 

ibid  ,  35,(1840),  197. 

(2)  .  Berichte,  26,  07. 

(3)  .  J.   S.  C.   1.,   1895,  515. 
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a  filter  paper.     The  dried  soap  is  then  treated  with  a  larr^e 

volume  of  ether,  and  finally  boiled  under  a  reflux  condenser. 

The  insoluble  portion  consisting  of  the  lead  salts  of  palmitic  and 

stearic  acids  is  filtered  off,  and  washed  with  ether.     The  filtrate 

contains  the  salts  of  the  liquid  acids.     These  acids  can  be  obtained 

by  treating  the  salts,  after  the  ether  has  been  evaporated  off,  with 

IIC1  with  heating,  when  the  acids  will  rise  to  the  top  and  can  be 

separated  from  the  aqueous  layer  by  means  of  a  separatory  funnel. 

Twitchell  suggested  a  second  method  of  separating  the 

(1) 

saturated  from  the  unsaturated  acids.        A  mixture  of  the  acids  is 

treated  with  85$  sulphuric  acid  which  forms  sulpho-compounds  with 

the  unsaturated  acids  such  as  oleic.     These  sulpho-compoimds  are 

completely  insoluble  in  petroleum  ether  while  the  unattacked 

saturated  acids  will  dissolve  in  it  readily.     Lewkowitsch,  however, 

(2) 

has  shown  that  the  separation  is  not  quantitative.  Twitchell 

also  states  that  naphthalene  stenro-sulphuric  acid  has  the  property 

(3) 

of  dissolving  oleic  acid  from  solid  acids. 

Falciola  claims  that  oleic  acid  can  be  separated  from 

(4  ) 

stearic  and  palmitic  acids  by  neans  of  the  ammonium  salts;  The 
mixed  acids  are  dissolved  in  ether  and  amronia  passed  into  the 
solution  until  saturation  has  taken  place.     After  evaporating  off 
the  ether,   the  residue  of  ammonium  salts  is  treated  with  four  times 
its  volume  of  ammoniacal  alcohol  at  0°,  and  the  undissolved  precip- 
itate is  filtered  off,  and  washed  with  cold  ammoniacal  alcohol. 
,-The  ammonium  salts  of  the  palmitic  and  stearic  acids  on  the  filter 
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are  treated  with  HC1,  and  the  solid  acids  liberated.     The  filtrate 
containing  the  salt < of  oleic  acid  is  evaporated  off,  and  the  acid 
recovered  by  acidification  with  IIC1.     Falciola  conducted  two  test 
experiments  in  which  he  used  60^  and  49. ftf-  of  oleic  acid,  and  he 
recovered  63.3$  and  49.7$  respectively.     There  is  no  proof,  however, 
that  the  oleic  acidy^by  Falciola  in  the  beginning  was  chemically 
pure.     On  the  other  hand  there  is  at  least  an  approximate  separation. 
David  suggests  separating  solid  from  liquid  acids  using 

(1) 

the  solubility  of  the  ammonium  salts  in  aqueous  ammonia  as  a  basis. 
His  method  is  as  follows::-  2  g  of  the  acids  are  dissolved  in  5  c.c. 
of  95$  alcohol,  and  50  c.c.  ammonia  at  22°  are  added.     The  solution 
is  warmed  until  ammonia  escapes.     After  allowing  to  stand  at  14° 
for  some  time  it  is  filtered  when  the  ammonium  salts  of  the  solid 
acids  are  supposed  to  remain  quantitatively  on  the  filter. 
Stadler,  however,  has  shown  that  this  method  is  less  accurate 
than  the  lead-salt-ether  method. 

Other  methods  of  separation  will  be  discussed  in  the 
experimental  part  of  this  paper. 


(1).  Compt.  rendu.,  1910,  756 
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II.     An  Experimental  Study  of  the  Methods  of  Isolation 
of  Fatty  Acids. 

(a) .     Separation  by  Expression. 

One  pound  of  butter  was  saponified  by  boiling  in  a  large 

round-bottomed  flask  with  strong  KOH.     Saponification  is  this 

manner  is  not  very  convenient  as  the  time  required  is  too  long 

and  the  reaction  becomes  too  violent  when  it  does  proceed  rapidly. 

When  the  contents  of  the  flask  had  become  homogeneous,  i.e.  the 

layer  of  fat  had  disappeared,  1TC1  was  added  with  care.     In  this 

way  the  excess  alkali  was  removed,  and  the  fatty  acids  set  free 

causing  them  to  rise  to  the  top  of  the  water  layer.     The  underlying 

liquor  was  siphoned  off,  and  fresh  water  added,  and  the  whole 

brought  to  the  boiling  point,  and  distilled  with  steam.     Browne  has 

(1) 

analyzed  the  fatty  acids  of  butter,  and  found  the  foil  owing :- 

Corresponding  j£ 

Acids  fo  of  acid  in  fat  of  tri-glyceride . 

Oleic   3?. 50    33.95 

Dioxy  stearic  1.00    1.04 

Stearic   1  .S3    1.01 

Palmitic   38.61    40.51 

Myristic   9.  SO    10.44 

Laurie   2.57    2.73 

Capric   0.32    0.34 

Caprylic   0.40    0.53 

Caproic   2.00    2.32 

Butvric   5.45    0.23 


Total  94.75  100.00 


(1).  J.  A.  C.   S.,1899,   21,  S23. 
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During  the  process  of  steam  distillation  all  of  the  acids  from 
lauric  acid  down  to  butyric  pass  over  with  the  water  vapor,  and 
can  thus  he  practically  removed.     The  remaining  layer  of  acids  was 
then  allowed  to  cool,  and  solidify.     The  melting  point  was  46-43°. 
A  series  of  fractional  crystallizations  was  then  carried  out. 
About  100  c.c.  of  the  acids  was  melted,  and  set  in  an  oven  regulated 
to  stay  at  a  temperature  of  about  43°.     After  standing  about  ten 
hours,   some  of  the  solid  acids  had  crystallized  out,  forming  a 
semi-solid  mass.     They  were  transferred  to  a  Buchner  funnel, 
immersed  almost  to  the  top  in  warm  water  the  temperature  of  the 
oven.     Suction  was  applied,  and  the  liquid  acid  completely  removed 
by  placing  a  sheet  of  India  rubber  over  the  top  of  the  funnel 
tightly,  so  that  no  air  could  be  drawn  through.     This  process  gave 
an  expression  pressure  equal  to  the  suction*     The  residue  on  the 
filter  was  a  white  solid  consisting  mainly  of  the  fatty  acids  of 
higher  melting  point.     Crystallization  was  thus  repeated  several 
tines,  each  time  using  the  filtrate  of  the  former  crystallization, 
and  lowering  the  temperature  about  4°.     Finally  a  liquid  acid 
was  obtained  which  did  not  frive  a  precipitate  on  standing  at  14°. 
It  was  reddish  yellow  in  color,  and  had  a  rather  pleasant  odor. 
The  successive  portions  of  solid  acids  which  remained  on  the  filter 
were  more  soft  and  more  colored,   the  lower  the  temperature  of 
crystallization.     It  is  quite  apparent  that  this  method  is  far  too 
tedious,  since  the  separation,  as  described,  took  about  two  weeks 
to  complete.     The  method,  however,  finds  some  commercial  application 
in  the  separation  of  the  "Turkey  Red  Oil"  which  we  find  in  the 
industries . 
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(b).     The  Separation  of  Oleic  Acid  from  the  Mixed  Acids  in  Tallow. 

Beef  tallow  consists  chiefly  of  the  glycerides  of  palnitic, 
stearic,  and  oleic  acids.     The  melting  point  of  the  free  acids 
ranges  from  41-45°,  and  the  percentages  are  about  as  follows:- 
Acid  Percentage 
Oleic  48.4 
Stearic  23.2 
Palmitic  25.0 
The  iodine  value  is  generally  about  40,  according  to  the  amount  of 
oleic  acid  which  is  present. 

Five  pounds  of  washed  beef  fat  was  cut  into  small  pieces, 
and  placed  in  a  fifty  centimeter  porcelain  evaporating  dish,  and 
boiling  water  added.     The  mixture  was  cooked  about  an  hour,  or 
until  the  fat  could  be  easily  disintegrated.     While  still  hot  it 
was  placed  in  a  hand  press,   and  the  tallow  expressed  into  beakers 
where  the  water  settled  out  and  was  easily  removed.     The  tallow, 
thus  obtained,  was  quite  white,  and  appeared  to  be  practically 
free  from  impurities.     About  100  g  of  this  tallow  was  saponified 
by  boiling  with  strong  KOII  in  a  large  flask.     The  acids  were 
obtained  from  the  soaps  by  acidification  with  HC1 .     While  they 
were  still  hot  and  liquid,   they  were  separated  from  the  water 
in  a  separatory  funnel,  and  placed  in  a  beaker  where  they  solidified. 

The  first  method  of  separation  to  be  tried  was  that  of 
crystallization  from  alcohol.     25  c.c.  of  the  melted  acids  was 
dissolved  in  100  c.c.  of  boiling  95f  alcohol,  and  the  solution 
allowed  to  cool  very  slowly.     The  solid  acids  came  down  in  a 
copious  precipitate,  and  were  easily  filtered  off.     The  solution 
was  finally  cooled  to  0°,  and  again  filtered.     The  alcohol  was 
removed  from  the  filtrate  by  boiling  in  a  boiling  water  bath .  


1« . 

The  oleic  acid  which  was  obtained  was  rather  dark  in  color,  and 
deposited  solids  on  standing  in  a  cool  room  over  night.  The 
iodire  value  was  55.6  . 

Wt.  sample  .2413  ■  .1964 

c.c.  thiosulphate  31.58  33.11      Blank  =  41.12 

one  c.c.     w     =  .01235  g  iodine 
iodine  value  52.4  55.0 

w  "     for  pure  oleic  acid  =  00.07 

The  wide  difference  in  the  checks  was  thought  to  he  due  to  the 
fact  that  solid  acids  had  deposited,  and  on  melting  had  not  become 
evenly  mixed.      Kreis  and  Hafner  state  that  100  c.c.  of  95^  alcohol 
dissolves  0.1240  g  of  stearic  acid  at  0°,  while  under  the  same 

(i) 

conditions  0.50  g  of  pair itic  acid  is  soluble.  It  is  to  be 

noticed,  however,  that  the  reparation  in  alcohol  does  not  eliminate 
the  solubility  of  the  solid  acids  in  oleic  acid  itself.     This  fact 
accounts  for  the  low  icdine  value  of  the  oleic  acid  obtained. 
Oleic  acid  is  soluble  in  practically  all  proportions  in  alcohol 
of  the  strength  used  here.     Consequently  the  oleic  acid  dissolved 
in  the  alcohol  takes  with  it  a  considerable  amour t  of  the  solid 
acids,  and  makes  the  separation  of  no  practical  value  if  a  pure 
oleic  acid  is  desired,  although  as  a  means  of  approximate  separation 
the  method  is  quite  convenient.     The  stearic  and  palmitic  acids 
remaining  on  the  filter  were  white  and  crystalline  in  nature. 
Crystallization  in  70$  alcohol  did  not  seem  to  give  any  better 
results . 


(1).     Berichte,  1003,  2700. 


The  method  of  Falciola  was  next  tried  on  the  tallow  acids. 
The  procedure  was  the  same  as  given  on  pa^e  eleven  of  this  paper. 
The  acids  '"ere  dissolved  in  warm  ether,  the  solution  cooled,  and 
ammonia  ras  passed  in.     The  salt  precipitation  took  place  almost 
instantly.     When  precipitation  was  complete,  the  ether  was  evaporate 
off  on  a  water  hath,  and  the  residual  ammonium  salts  treated  with 
four  time  their  volume  of  strongly  ammoniac al  alcohol  at  0°  . 
By  this  treatment  the  ammonium  salts  of  the  solid  fatty  acids 
regain  undissolved  as  they  are  insoluble  in  the  alcohol.  The 
contents  of  the  flask  were  transferred  to  a  Buchner  funnel,  and 
filtered  with  suction.     The  ammonium  oleate  in  the  filtrate  was 
obtained  by  evaporating  off  the  alcohol,  and  decomposed  with  IIC1. 
The  oleic  acid  rose  to  the  top  of  the  IIC1  solution,  and  the  water 
removed  in  a  separatory  funnel.     The  iodine  value  was  55. ft  showing 
that  the  acid  obtained  was  very  impure. 

Wt.   sample  .2703 

Thiosulphate  required      40.22        Blank  =  5°. 41 

1  c.c  "  =  .01235  g  I0. 

Iodine  value  =  55.6 

"  ■  for  pure  oleic  acid  =  90.07 

The  following  table  will  show  the  solubility  of  the  ammonium  soaps 
(1) 

in  alcohol:-  Crams  per  100  c.c. 

Temp.  C°      Palmitic      Stearic  Oleic 

absolute  alcohol      20  1.4  0.5 

10  0.7  0.3  59.0 

75^  alcohol  20  4.33 

10  1.78         0.5ft  8.20 


(1).     Oazz.  Chim.,   1910,    (40),  217. 
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The  Fachini-Dorta  method  of  separating  liquid,  from  solid 
fatty  acids  was  tried  on  the  tallow  acids.     10  %  of  the  dry  fatty 
acids  were  weighed  into  a  150  c.c.  flask.     90  c.c.  of  anhydrous 
acetone  was  added  ,  the  solution  warned  to  25°  ,  and  10  c.c.  of 
normal  KOII    added  in  a  thin  stream  with  constant  stirring.  The 
flask  was  then  corked  and  immersed  in  ice  water  for  three  hours.  By 
this  time  complete  precipitation  was  supposed  to  have  taken  place. 
The  contents  of  the  flask  were  thrown  on  to  a  Buchner  funnel, 
filtered,  and  washed  with  anhydrous  acetone  at  0°.     The  liquid 
acids  were  ohtained  from  the  filtrate  by  adding  an  equal  volume 
of  water  ,  40  c.c.  ether,  and  acidifying  with  HC1.     The  ether 
lajrer  was  separated  off,  and  evaporated,  leaving  the  oleic  acid. 
This  method  proved  very  unsatisfactory,   since  the  acids  obtained 
which  were  supposed  to  be  only  oleic  acid  were  fairly  solid,  indeed 
almost  as  solid  as  the  tallow  acids  which  were  used  to  start  with, 
due  to  the  presence  of  considerable  quantities  of  solid  acids. 
The  iodine  value  was  not  taken,  as  it  was  evident  that  the  method 
could  'ot  be  used  quantitatively. 

Copper  cleate  is  soluble  in  alcolol  to  a  bluish-green 
solution.     The  stearate  and  palnitate  are  almost  insoluble. 
Consequently  extraction  of  the  mixed  copper  soaps  of  the  tallow 
acids  with  alcohol  furnishes  theoretically  a  method  of  separation. 
Some  of  the  tallow  acids  were  dissolved  in  dilute  KOH,  and  the 
excess  alkali  removed  with  acetic  acid.     A  concentrated  solution 
of  copper  sulphate  was  then  a'ded,  and  the  precipitated  copper 
soaps  removed  by  filtration.     After  allowing  these  to  drain,  they 
were  placed  in  a  flask,  and  washed  with  a  small  amount  of  alcohol 
to  remove  the  excess  water.     A  large  volume  of  95$  alcohol  was  then 
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added,  and  the  mixture  "boiled  for  an  !iour.  The  solution  was  blue 
in    color.     After  allowing  to  cool,  it  was  filtered,   the  stearate 

and  palpitate  remaining  mostly  on  the  filter.     The  filtrate  was 

"boiled  to  remove  the  alcohol,  and  finally  the  soaps  were  washed 

with  water  to  remove  the  rest  of  the  alcohol.     Dilute  IIC1  was 

added,  and  the  acids  set  free  rose  to  the  top  of  the  TTC1,  and  were 

washed  and  separated  in  a  separatory  funnel.     They  had  an  iodine 

value  of  about  69  * 

Wt.  sample  .5577  .3709 

Thiosulphote  21.01  30.10    Blank  =  49.39. 

1  c.c     "     =  .01351  g  I2  . 

Iodine  value  68.75  70.03 

"  "     for  pure  oleic  acid    =  90.07 

These  results  were  very  satisfactory  except  that  the  acid  obtained 
was  very  dark  colored,  and  night  have  contained  traces  of  copper 
oleate.     Washing  with  acid  and  water,  however,  did  not  remove  the 
color.     A  second  trial  with  the  Cu  soaps  did  net  yield  good  results 
as  the  acid  obtained  was  semi-solid.     The  conditions  'rere  slightly 
different,  however,  as  the  acids  used  in  the  second  case  were 
Swift's  "Double  Distilled"  acids,  and  contained  traces  of  linolenic 
acid  and  fairly  large  quantities  of  linolic  acid.     The  method  has 
possibilities  which  might  be  worked  up  later. 

(c).  Preparation  of  Oleic  Acid  from  Olive  Oil. 

Olive  oil  is  the  oily  product  of  the  expression  of  the 
ripe  fruit  of  the  olive  tree,  Olca  curopea  sativa.     It  is  practically 
colorless  in  the  pure  fresh  state,  and  has  no  rancidity.  The 
solid  fatty  acids  consist  mainly  of  palmitic  and  a  small  percentage 
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of  arachidic  acids..  Olive  oil.  contains  on  an  average  about  19^  of 

(1) 

the  solid  acids,  the  remainder  heing  liquid  acids  chiefly  oleic. 
Hazura  and  Qrussner  have  shown  that  the  liquid  fatty  acids 

(2) 

consist  of  oleic  and  linolic  acids  in  the  proportion  of  93  to  7. 

The  problem  of  obtaining  oleic  aciil  from  olive  oil  consists 
first  in  the  saponification  of  the  natural  oil, 

and  then  separating  the  oleic  acid  from  the  palmitic  and  linolic 
acids.     Two  different  methods  of  separation  were  used.     The  first 
method  was  by  means  of  the  lead-salt-ether  extraction,  and 
crystallizing  the  barium  salt  from  alcohol.     The  second  method 
was  the  same  except  that  the  Ba  salt  crystallization  is  replaced 
by  the  brnmide  separation. 

The  method  of  saponification  of  the  olive  oil  was  taken 
from  Noyes1   "Organic  Chemistry  for  the  Laboratory",  p.  121. 
This  method  was  found  to  be  the  most  convenient  as  the  reaction 
takes  place  quickly,  and  without  danger  of  boiling  over  due  to 
superheating .     The  reaction  was  very  quiet  and  complete. 

100  e:  of  olive  oil  was  placed  in  a  500  c.c.  flask,  and 
100  c.c.  of  alcohol  was  added  and  heated  to  a  temperature  of  the 
boiling  water  bath.     A  solution  containing  35g  XOTI  in  35  c.c.  of 
water  was  added  in  small  portions,  and  after  allowing  to  heat  a 
few  minutes,  200  c.c.  of  cold  water  was  added,  and  90  c.c.  HC1 
(  4  c.c.  =  one  g  HC1).     after  the  ratty  acids  had  collected  at  the 
top,  they  were  placed  in  a  separatory  funnel,  and  washed  first  with 
slightly  acid  water,  and  finally  with  pure  water.     The  acids  thus 
obtained  were  used  in  the  preparation  of  oleic  acid.     They  were 

(1).  Lewkowitsch,  Vol.11,  p  353,  5th  Ed. 
f2).  Ibid. 
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first  dissolved  in  500  c.c.  of  dilute  KOH,  and  the  solution  was 
neutralized  with  acetic  acid  using  phenolphthalein  as  an  indicator. 
The  soap  solution  was  heated  alnost  to  boiling,  and  a  hot  solution 
of  lead  acetate  was  added.     A  heavy  precipitate  of  the  lead  salts 
came  down  and  immediately  coagulated  to  a  soft,  amorphous ,  sti  cky 
mass.     Instead  of  causing  the  soaps  to  adhere  to  the  sides  of  a 
flask  as  some  directions  suggest  they  were  precipitated  in  a  beaker, 
and  after  the  solution  had  cleared,  the  water  was  poured  off, 
leaving  the  soaps  mostly  on  the  bottom  of  the  beaker.     By  means  of 
a  glass  rod,  while  the  mass  was  still  hot,   the  soaps  were  collected 
in  a  ball,  and  were  c'ried  by  taking  the  mass  in  the  hands  and 
kneading,  frequently  pressing  on  a  filter  paper  to  remove  adhering 
water.     This  proved  to  be  a  very  successful  means  of  drying  which 
is  an  essential  to  the  success  of  the  separation.     The  dried  soaps 
were  placed  in  a  750  c.c.  flask  fitted-  with  a  reflux  condenser, 
and  anhydrous  ether  added.     After  boiling  for  about  thirty  minutes, 
the  solution  was  allowed  to  settle,  and  was  filtered,  keeping  as 
much  of  the  white  residue  in  the  flask  as  possible.     This  extraction 
with  ether  was  repeated  three  times,  each  time  uniting  the  filtrates. 
The  solubility  of  the  lead  salts  of  palmitic  and  stearic  acids 
is  given  on  page  ten  of  this  paper.     The  combined  ether  filtrates 
contain  practically  all  of  the  lead  oleate  and  linolate,  and  small 
quantities  of  the  lead  salts  of  the  solid  acids.     The  ether  was 
evaporated  off,  and  the  residual  salts  decomposed  with  hot  HC1. 
Several  washings  in  a  separatory  funnel  with  dilute  HC1 were  required 
to  remove  all  of  the  lead  chloride  which  is  soluble  enough  in  warm 
water  to  be  completely  removed.     It  is  not  necessary  to  decompose 
under  ether  as  some  directions  advise.     In  fact  there  are  some 
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reasons  why  the  ether  should  he  omitted.     In  the  first  place  the 
le  d  salts  are  soluble  in  ether,  while  the  HC1  is  not,  and  some  of 
the  lead  soap  might  escape  "being  decomposed.     On  the  other  hand 
if  the  resultant  liquid  acids  are  dissolved  in  ether,  considerable 
time  is  necessary  to  completely  remove  the  ether,  and  unless  the 
ether  is  evaporated  off  with  care,  some  of  the  acids  are  liable 
to  be  decomposed  hy  the  heat  although  decomposition  can  almost 
he  entirely  prevented  hy  distilling  in  reduced  pressure.  The 
iodine  value  of  the  acids  thus  ohtained  was  ahout  89. 
Wt,  sample  .1752  .2289 

Thiosulphate  26.10  22.89        Blank=  37.67 

1  c.c.  "  =  .01351  g  I2. 

Iodine  value  89.12  88.27 

Theoretical  for  oleic  00.07 

A  portion  of  the  acids  was  dissolved  in  petroleum  ether 
which  had  a  hoiling  point  of  30-50°,  so  that  100  c.c.  of  the  ether 

contained  ahout  10  g  of  the  acids.     The  solution  was  placed  in  a 

o 

mixture  of  ice  and  IIC1  and  brought  to  a  temperature  of  -10  . 
Liquid  "bromine  was  then  added  in  one  half  c.c.  portions  at  intervals 
of  five  minutes  until  in  excess,  not  allowing  the  temperature  to 
rise  ahove  -10°.     The  mixture  was  then  allowed  to  stand  for  twelve 
hours,  with  the  temperature  helow  freezing  for  two  hours,  and  then 
gradually  rising  to  room  temperature.     A  very  small  precipitate 
had  formed  consisting  of  linolic  tetra-hromide  which  is  insoluble 
in  petroleum  ether.     This  was  filtered  off,  and  the  ether  solution 
of  the  dihrom-stearic  acid  was  evaporated  to  remove  the  ether. 
The  evaporation  was  carried  out  on  a  warm  water  bath  under  reduced 
pressure.     A  low  temperature  of  evaporation  is  necessary  as  the 
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dibromide  is  very  easily  decomposed  by  heat.     (  The  excess  of 

bromine  had  been  removed  by  shaking;  the  ether  filtrate  with  strong 

thiosulphate  solution) . 

The  next  problem  which  was  met  was  that  of  recovering 

the  oleic  acid  from  the  dibromide..     One  method  that  was  tried  was 

to  treat  the  acid  with  molecular  silver.     The  silver  was  supposed 

to  unite  with  the  bromine  atoms  to  form  AgBr  and  oleic  acid. 

The  molecular  silver  was  made  by  the  reduction  of  finely  divided 

(1) 

silver  oxide  with  a  hot  glucose  solution.        When  the  silver  reacts 
with  the  dibromide,  either  oleic  acid  could  be  formed  or  two 
molecules  of  the  dibromide  could  react  to  form  a  double  molecule. 
It  can  easily  be  seen,  however,   that  there  are  more  chances  that 
one  molecule  of  the  dibrom-stearic  and  two  of  the  silver  will  come 
together,  than  for  two  of  the  oleic  dibromide  and  two  of  the  silver. 
Consequently  there  is  more  likely  to  be  oleic  acid  formed  than  a 
compound  of  the  formula  CII0-(CHo)7-CHBr-CI!-(CH2)7-COOH 

CH3- (CH2  )7-CHBr-CII- (CI!2  )?-COOII 
5  g  of  the  dibromide  was  dissolved  in  100  c.c.  of  petroleum  ether 
of  64-66°  boiling  point,  and  ten  grams  of  the  dried  molecular 
silver  was  added.     The  mixture  was  heated  under  a  reflux  condenser 
for  two  hours.     After  filtering  and  evaporating  off  the  ether  in 
a  vacuum,  the  physical  qualities  of  the  residue  had  not  changed, 
i.e.  with  regard  to  color  and  viscosity.     A  weighed  sample  did 
not  absorb  any  of  Hanus'  iodine  solution.     Consequently  it  was 
supposed  that  no  action  had  taken  place  between  the  silver  and 
+uo  dibromide.     The  reason  was  assumed  to  be  the  fact  that  the 

(1).   J.  At  C.   S.,     7,  586,  (1915). 


temperature  was  not  high  enough.     The  action  #as  tried  again 
without  varying  the  conditions  except  that  toluene  was  used  as 
a.    solvent,  thus  affording  a  higher  temperature  of  reaction. 
After  filtering  the  toluene  was  evaporated  off  in  a  vacuum,  i.e. 
as  near  a  vacuum  as  a  strong  suction  pump  will  give,     The  product 
was  very  dark  colored,  due  probably  to  two  conditions,  carbonization 
from  heat,  and  unstable  by-products  which  might  have  been  formed 
from  the  reaction  with  the  silver.     The  iodine  value  was  about  73. 
Wt.  sample  .8411  .2733 

Thiosulphate  27.07  ^6.05      Blank  =  41.88 

1  c.c.  "  =  .01205  g  I2. 

Iodine  value  73.47  73.02 

Theoretical  for  pure  oleic  00.07 

Hazura,  Hehner,  and  Mitchell  recommend  that  the  oleic 

dibromide  be  reduced  by  means  of  zinc  in  a  solution  of  alcoholic 

ITC1,  and  in  fact  this  same  principle  applies  to  the  tetra-  and 
(1) 

hexa-bromides .        In  this  case,  however,  it  is  necessary  to 
subsequently  saponify  the  ethyl  ester  with  KOIi  to  obtain  the  acid. 

Some  impure  oleic  acid  was  dissolved  in  ether,  and  treated 
in  the  cold  with  an  excess  of  bromine,  and  allowed  to  stand  for 
several  hours  to  be  sure  that  the  unsaturation  had  been  completely 
satisfied.     The  ether  was  evaporated  off,  and  the  dibrom  acid 
dissolved  in  95$  alcohol.     This  was  placed  in  a  250  c.c.  flask 
with  zinc  dust,  and  heated  under  a  reflux  condenser  with  frequent 
additions  of  concentrated  HC1  in  portions  of  two  or  three  drops. 
After  boiling  an  hour,  the  solution  was  removed,  filtered,  and  thrown 


(1).     J.  B.  Leathes,  "The  Fats",  p.  23. 
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into  a  large  volume  of  cold  water.      This  diluted  the  alcohol 
sufficiently  to  cause  the  acid  to  be  thrown  out  of  solution  and 
rise  to  the  top.     After  collectinT  and  washing  in  a  separatory 
funnel,  the  acid  had  a  strong  odor  resembling  pineapple,  and  was 
more  liquid  than  the  ordinary  oleic  acid.     On  treating  it  with  a 
solution  of  sodium  carbonate  which  will  dissolve  any  fatty  acid 
present,  but  which  will  not  saponify  an  ester  in  the  cold,  it  was 
found  that  practically  no  fatty  acid  was  present,  and  that  the 
liquid  was  chiefly  the  ethyl  ester  of  oleic  acid,  because  after 
saponifying  and  acidifying  an  oleic  acid  was  obtained  which  had 
the  same  properties  as  that  which  was  used  to  begin  with. 

Instead  of  using  alco! ol  in  the  reduction,  acetone  was 
tried  on  the  purified  brc  inateel  acids  from  olive  oil.  Acetone 
was  used  in  order  to  have  a  solvent  of  the  fatty  acids  which  was 
miscible  with  with  HC1,  but  which  would  not  esterify  with  the 
acids,  as  alcohol  does.     About  10  g  of  the  brominated  acids,  which 
before  bromination  had  an  iodine  value  of  88.68,  were  dissolved 
in  100  c.c.  of  pure  acetone,  and  placed  in  a  flask  under  a  reflux 
condenser  with  about  15  g  of  zinc  dust  which  had  been  freed  from 
adhering  oil  by  washing  with  ether.     While  the  mixture  was  boili^T 
HC1  was  added  at  intervals  with  care  to  prevent  too  violent  an 
evolution  of  hydrogen  gas.     After  treating  in  this  manner  for  two 
hours  the  contents  of  the  flask  were  filtered,  and  poured  into  a 
larn-e  volume  of  water  when  the  oleic  acid  rose  to  the  top,  and  was 
separated  from  the  water.     The  iodine  value  was  taken. 
Wt.  sample  .2611  .3357 

Thiosulphate  34.30  29.50    Blank  =  52.03 

1  c.c.     M     =  .01295  g  lo. 

Iodine  value  S8.20  S7.31    Pure  Acid  =  90.07  


2P>. 

From  the  atoove  results  it  is  evident  that  toy  means  of  the  bromide 
separation  the  iodine  value  was  decreased  toy  atoout  one  unit.  One 
should  not  suppose,  however,  that  the  acid  is  as  pure  as  the  iodine 
value  would  indicate,  for  it  should  toe  rememtoered  that  the  acid 
still  contains  some  solid  acids  and  linolic  acid  since  neither  of 
the  separations  to  remove  these  constituents  is  quantitative. 
These  impurities  tend  to  neutralize  each  other  and  make  the  iodine 
value  appear  close  to  the  theoretical  for  oleic  acid.  Acetone 
furnishes  a  n;ood  means  of  reduction  of  the  torominated  acids  and 
is  toetter  than  alcohol  in  that  esters  are  not  formed,  and  consequent- 
ly subsequent  saponification  is  not  necessary. 

One  other  separation  of  linolic  acid  from  the  olive  oil 
acids  ototained  from  the  lead-salt-ethcr  ext  action  was  tried.  This 
method  was  that  of  crystallizing  the  "barium  salts  from  alcohol. 
Barium  linolate  is  quite  solutole  in  "boiling  95J*  alcohol.     The  acids 
were  dissolved  in  a  lar^e  volume  of  dilute  KOH  and  the  solution 
neutralized  with  IIC1.     A  solution  of  "barium  chloride  was  then 
added  until  precipitation  had  ceased,  and  after  the  solution  had 
cleared,   the  water  was  poured  off,  and  the  "barium  salts  collected 
and  dried  "between  filter  paper.     They  were  washed  with  a  little 
cool  a!6ohol  to  remove  the  last  traces  of  water,  and  then  "boiled 
with  three  portions  of  100  c.c.  of  95?  alcohol.     Each  portion 
was  quickly  filtered,  and  on  cooling  the  filtrate,  a  white  finely- 
divided    precipitate  of  "barium  linolate  came  down.     The  residual 
"barium  soaps  which  remained  in  the  flask  after  the  three  extractions 
were  decomposed  with  HC1  and  the  resulting  oleic  acid  collected 


and  the  iodine  value  taken  after  running  through  a  dry  filter  to 

remove  the  last  traces  of  water  and  Bad,,. 

Wt.  sample  .1006  .3203  .4031 

Thiosulphate    '  13.2°  22.50  40.01 

1  c.C.     H     =   .01295  g  Ip  ■  .00888 

Iodine  value  89.87  90.97        90.20        Average  =  90.34 

Theoretical  for  pu^e  oleic  90.07 

The  acid  was  very  clear  and  colorlesp.     It  appeared  to  he  very 
pure,  hut  undouhtedly  contained  some  palmitic  and  linolic  acids. 
There  is  not  much  douht,  however,  that  the  harium  soap  separation 
is  much  more  effective  than  the  hromide  method,  hecause  the 
separation  is  more  complete (  much  larger  quantities  of  harium 
linolate  were  obtained  than  of  the  linolic  tetra-hromide ) ,  and 
hecause  the  acid  ohtained  is  much  bettor  in  quality,  i.e.  with 
regard  to  color  etc. 

(d) .     The  Preparation  of  Pure  Dihydroxy- stearic  Acid  from  Impure 
Oleic  Acid. 

Although  dihydroxy-stearic  acid  is  rarely  found  naturally 

in  the  fats  and  oils,  its  preparation  was  attempted  since  from  it 

we  can  ohtain  dibrom-stearic  acid  "by  treatment  with  phosphorns 

pentabronide,  and  from  the  dibrom-stearic  acid  we  can  ohtain  oleic 

acid  by  reduction.     Perhaps  at  sofoe  later  date  sore  investigator 

will  try  this  synthesis  of  oleic  acid  in  which  case  the  preparation 

of  a  pure  dihydroxy  acid  will  he  necessary.     Browne,  however, 

found  about  if  of  this  acid  in  butter  while  Juillard  discovered  the 

(2) 

sane  amount  in  castor  oil. 


(1)  .   J .  A.  C.   S.,1899,  21,  817. 

(2)  .  Bull.  Soc.  Chim.,1895,   13,  238 
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When  oleic  acid  is  treated  with  potassium  permanganate 
in  a  cold  alkaline  solution,  hydroxyl  groups  are  added  until  the 
unsaturation  is  satisfied,  forming  dihydroxy-stearic  acid.  This 
acid  is  a  white  solid  with  a  melting  point  which  different  inves- 
tigators have  placed  between  130°  and  136°  .     It  is  much  more 
soluble  in  hot  alcohol  than  in  cold,  and  consequently  can  be  par- 
tially purified  by  recrystallization  from  this  solvent.     In  boiling 
water  a  small  amount  of  it  dissolves  -hich  separates  out  on  coolin^. 
In  the  preparation  of  the  acid  various  conditions  of  oxidation 
were  tried. 

Le  Sueur  recommends  the  following  method  which  was  carried 
(1) 

out  in  detail.        84  g  of  oleic  acid  was  dissolved  in  1500  c.c.  of 
water  containing  33  g  of  KOH.     A  cold  solution  of  °4  g  IIMn04  in 
1500  c.c.  of  water  was  gradually  added  with  stirring  at  a  temperature 
below  10°.     After  allowing  to  stand  over  night,  it  was  filtered 
on  a  Bftchner  funnel  with  suction.     A  ^elatine-li ke  precipitate 
had  settled  to  the  bottom  of  the  bottle  containing  the  oxidizing 
solution,  and  caused  the  filtration  to  be  very  difficult  due  to  the 
fact  that  it  clogged  up  the  pores  of  the  filter  paper.     To  the 
clear  filtrate  was  added  dilute  sulphuric  acid.     Only  a  very 
small  precipitate  was  formed  by  this  addition.     It  was  supposed 
that  all  of  the  oleic  acid  had  been  completely  broken  down  into 
compounds  of  lower  molecular  weight  which  were  insoluble  in  water 
and  which  formed  the  main  part  of  the  gelatine-like  precipitate 
which  was  mentioned  above.     The  yield  of  acid  was  inappreciable. 

The  reasons  for  the  poor  yield  in  the  Le  Sueur  method 
were  thought  to  be  due  to  the  use  of  too  strong  an  oxidizing  agent. 

(1).     J.  Chem.  Soc,   1901,  1313. 


pn 

Consequently  a  solution  containing  21  g  of  permanganate,  21  g  of 
oleic  acid,  and  10  g  KOI!  diluted  to  two  liters,  and  cooled  to 
10-12°.     Although  the  yield  was  "better,  the  results  were  not  as 
yet  satisfactory. 

The  reaction  "between  potassium  oleate  and  permanganate  in 
neutral  solution  was  next  tried.     5  c.c.  oleic  acid  was  dissolved 
in  150  c.c.  of  dilute  KOH .     A  drop  of  phenolphthalein  vas  added, 
and  the  solution  was  neutralized  with  dilute  sulphuric  acid. 
A  2f.>  solution  of  permanganate  containing  7  g  of  MgS04  and  4g  of 
KKn04  was  added,  and  the  solution  was  heated  for  a  time  under  a 
reflux  condenser.     The  solution  was  kept  neutral  "by  the  MgSO ._• 
according  to  the  following  reactions :- 

2  KM11O4  =  K2O  4  2  M11O2  13  0- 

K20  i  H20  =  2  XOIT. 

2  KOI!  1  MgS04  =  Mg(0H)2  *  K2SO4. 
Upon  the  addition  of  the  permanganate  solution  a  white  precipitate 
formed,  consisting  undoubtedly  of  i\ragnesiuir.  oleate.  Consequently 
the  reaction  was  really  one  between  Mg  oleate  and  permanganate. 
After  filtering  and  acidifying  practically  no  precipitate  was 
formed,  proving  the  absence  of  any  dihyiiroxy-stearic  acid. 

10  g  KMn04  was  dissolved  in  a  liter  of  rater,  and  the 
solution  added  slowly  to  one  containing  10  g  oleic  acid,  10  g  KOH, 
and  900  c.c.  of  water.     400  c.c.  of  water  was  added  to  further 
dilute.     Half  of  the  permanganate  solution  was  poured  in  slowly 
and  then  about  two  hours  later  the  remainder  was  added,  and  the 
whole  allowed  to  stand  over  eight*     The  yield  was  fair,  but  was  as 
yet  unsatisfactory. 

Another  method  which  gave  fair  results  \ras  as  follows:- 
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4  g  of  oleic  acid  was  dissolved  in  600  c.c.  water  containing  5  g 
of  E0II,  and  ten  c.c.  portions  of  a  solution  of  4  g  KMnO^  in  150  c.c. 
water  were  added  every  five  minutes,  the  temperature  beinn;  kept 
at  0° .     After  each  addition  the  solution  would  turn  /rreen  and  then 
black.     The  yield  was  good. 

4  g  oleic  acid  was  dissolved  in  100  c.c.  water  containing 
4  g  K0H,  and  5  c.c.  portions  of  a  solution  of  4  g  XMn04  in  1C0  cc. 
of  water  was  added  every  five  minutes  wit7    the  temparature  at  0°. 
The  yield  was  good. 

Finally  10  g  of  oleic  acid  was  dissolved  in  600  c.c  of 
water  and  a  concentrated  solution  of  8  r  of  permanganate  was  added, 
and  the  whole  immediately  diluted  to  two  and  one-half  liters,  with 
the  temperature  kept  at  0°  with  ice.     The  results  were  perhaps  the 
best  yet  obtained. 

During  all  of  these  experiments  Merck  oleic  acid  was  used. 
It  had  an  iodine  value  of  about  30,  and  was  consequently  rot  very 
pure,  containing  considerable  quantities  of  solid  acids.  The 
exact  yields  of  dihydroxy-stearic  acid  could  not  be  obtained 
each  time  as  the  product  which  was  obtained  was  very  impure, 
containing  the  solid  acids  which  were  originally  in  the  oleic  acid. 
The  solid  acids  are  not  acted  on  by  the  cold  permanganate. 
The  process  of  purification  is  tedious  and  incomplete  "Tith  regard 
to  the  amount  of  dihydroxy-stearic  acid  which  is  obtained* 

The  precipitates  containing  the  dihydroxy-stearic  acid 
obtained  in  the  foregoing  experiments  were  united  and  dissolved 
in  150  c.c.  of  boiling  95$  alcohol.  After  cooling  the  contents 
of  flask  were  poured  on  to  a  filter,  and  the  precipitate  washed 
with  several  small  portions  of  ether.     Ey  this  means  most  of  the 
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solid  fatty  acids  ^ere  removed  as  they  are  fairly  soluble  in 
alcohol  and  ether.     On  the  other  hand  the  dihydroxy- stearic  acid 
is  only  slightly  soluble  in  cold  alcohol  and  ether.     Final  purifi- 
cation was  then  carried  out  by  boiling  the  impure  dihydroxy  acid 
in  a  lar^e  volume  of  water.     The  dihydroxy-stearic  acid  is  slightly 
soluble,  due  perhaps  to  the  two  hydroxyl  groups,  while  the  remaining 
solid  acids  are  completely  insoluble.     The  I'ot  solution  was  filtered 
and  the  precipitate  dried,  and  the  melting  point  was  taken.  The 
uncorrected  melting  point  was  135-13^o.     This  is  in  close  agreement 
with  that  found  by  other  investigators,  i.e.  130-13^°. 
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III.  Conclusions. 

".'hen  a  mixture  of  fatty  acids  contains  oleic  acid,  a 
quantitative  separation  is  impossible*     Even  the  salts  of  oleic 
acid  dissolve  certain  ammounts  of  the  salts  of  the  other  acids  so 
that  the  separation  is  not  quantitative.     On  the  other  hand  oleic 
acid  itself  is  such  a  good  solvent  for  the  solid  acids  that  the 
presence  of  it  in  a  solvent  which  does  not  dissolve  the  solid 
acids  causes  the  solid  acids  to  partially  dissolve  according  to 
their  solubility  in  the  oleic  acid.     For  example  stearic  acid 
is  only  slightly  soluble  in  95/«  alcohol,  hut  the  presence  of  oleic 
acid  in  the  alcohol  increases  the  solubility  of  tiie  stearic  acid 
so  thai  the  method  is  even  less  effective  than  the  method  of 
expression  as  is  shown  by  the  Pact  that  the  acid  obtained  by 
crystallization  from  alcohol  deposites  crystals  of  stearic  acid 
at  a  higher  temperature  than  does  the  acid  obtained  from  expression. 
It  is  the  opinion  of  the  writer  that  the  method  of  crystallization 
from  alcohol  is  not  as  effective  as  the  method  of  expression 
because  in  the  former  case  the  error  is  due  to  the  combined 
solubilities  of  the  stearic  acid  in  both  the  alcohol  and  the  oleic 
acid. 

The  bromine  derivatives  of  oleic  acid  can  be  reduced  to 

oleic  acid  by  boiling  under  a  reflux  condenser  in  a  solution  of 

HC1  in  acetone  in  the  presence  of  powdered  zinc.     Molecular  silver 

will  perform  the  same  action,  but  it  is  apparently  not  as  complete, 

and  there  are  more  possibilities  of  side  reactions.     A  small 

amount  of  iso-propyl  alcohol  might  be  formed  by  reduction  of  the 

acetone,  but  an  alcohol  of  this  kind  would  esterify  much  slower 
than  ordinary  alcohol,  especially  since  there  are  only  minute 


amounts  of  it  formed,  while  if  ordinary  alcohol  were  used,  conditions 
would  "be  just  right  for  complete  esteri^ication,  since  there 
would  he  a  large  excess  of  the  nlcohol  present. 

To  prepare  dihyriroxy-stearic  acid  the  following  procedure 
is  recommenced:-    Dissolve  10  g  of  fairly  pure  oleic  acid  in  a 
liter  of  X07I(10  &) ,  and  cool  to  0°.     Add  to  this  solution  S-10  g 
of  KMnO^  in  a  concentrated  solution  at  0°.     Dilute  the  whole 
to  a  volume  of  two  and  one-half  liters  with  ice  water,  and  allow 
to  stand  over  ni^ht.     It  is  not  necessary  to  keep  the  temperature 
at  0°  after  the  first  hour  or  two,  as  the  r^-  ction  is  well  advanced 
by  that  time.     Filter,  and  acidify  the  filtrate  with  dilute 
sulphuric  acid.     Heat  almost  to  boiling  to  coagulate  the  precipitate* 
cool,  and  filter  a<*ain.     Recrystnllize  from  hot  alcohol,  and  wash 
with  a  small  volume  of  ether.     Boil  with  a  lar<re  volume  of  water, 
filter,  and   Iry  the  precipitate  which  comes  down  on  cooling. 
The  product  should  he  pure  dihydrrxy-s tcaric  acid. 


